Key indicators: single-crystal X-ray study; T = 298 K; mean (B-F) = 0.016 Å; disorder in main residue; R factor = 0.034; wR factor = 0.086; data-to-parameter ratio = 22.6. 
The title compound, [Ir 2 H 2 O(C 3 H 9 P) 6 ](BF 4 ) 2 Á2H 2 O, was isolated from the reaction between [Ir(COD)(PMe 3 ) 3 ]BF 4 and H 2 in water (COD is cycloocta-1,5-diene). The asymmetric unit consists of one Ir III atom bonded to three PMe 3 groups, one hydride ligand and half an oxide ligand, in addition to a BF 4 À counter-ion and one water molecule of hydration. The single oxide ligand bridging two Ir III atoms is disordered across an inversion center with each O atom having a 50% site occupancy. Each Ir III atom has three PMe 3 groups occupying facial positions, with the half-occupancy O atoms, a hydride ligand and an Ir-Ir bond completing the coordination sphere. The Ir-Ir distance is 2.8614 (12) Å , comparable to other iridium(III) metal-metal bonds. Two water molecules hydrogen bond to two BF 4 À anions in the unit cell.
Related literature
For previous work on the aqueous chemistry of Ir(H) 2 (Cl)(PMe 3 ) 3 , see: Merola et al. (2012) . For the synthesis of [Ir(COD)(PMe 3 ) 3 ]BF 4 , see : Frazier & Merola (1992 Table 1 Hydrogen-bond geometry (Å , ). Symmetry codes: (i) Àx þ 1; Ày; Àz þ 1; (ii) x þ 1; y; z À 1.
Data collection: XSCANS (Siemens, 1996) ; cell refinement: XSCANS; data reduction: XSCANS; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008 ); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: OLEX2 (Dolomanov et al., 2009) ; software used to prepare material for publication: OLEX2. Our studies of the aqueous catalysis of iridium trimethylphosphine complexes led us to a detailed study of the solution behavior and catalytic chemistry of H 2 Ir(PMe 3 ) 3 Cl in water (Merola et al., 2012 (Frazier & Merola, 1992 ) was investigated to see how a poorly coordinating anion will affect that system. The reaction of hydrogen gas with the BF 4 -salt did not lead to a clean product, but to a yellow solid that, according to its 1 H NMR spectrum, is a very complex mixture of products. The hydride region of the spectrum was particularly complicated with many hydride resonances from δ -10 to -40 p.p.m.. Slow cooling of an aqueous solution of the reaction mixture produced a few crystals suitable for X-ray diffraction. The title compound is a dinuclear iridium complex with an iridium -iridium bond bridged by a single oxo bridge. Iridium hydride hydrogen atoms were located via a difference map and set at a fixed Ir-H distance of 1.55 Å with U iso set at 1.5 the U eq of iridium. The oxo bridge is disordered about the inversion center. The Ir-P bond distances are 2.2524 (19), 2.258 (2), and 2.4001 (17) Å with the longer bond length for P trans to H which has a large trans influence (Hartley, 1973) . The dinuclear iridium fragment is a dication charge balanced by two BF 4 -ions that show the large thermal ellipsoids common for fluorinated anions. There are two waters of hydration in the crystal lattice that are hydrogen-bonded to the BF 4 -ions.
There were some issues with making correct assignments for the title compound in the absence of clear spectral identification. One must be cautious in the assignment of hydrogen attached to a heavy metal such as iridium, but the presence of iridium hydrides is consistent with one set of resonances found in the 1 H NMR spectrum at δ -11 p.p.m. as a doublet of triplets due to coupling to the hydrogen from one trans P atom (larger doublet coupling) and two cis P atoms (smaller triplet coupling). The larger Ir-P bond distance for one of the PMe 3 ligands is also consistent with a hydride ligand situated trans to it. That the bridging ligand is a single oxo bridge may be inferred by the fact that the iridium fragment is a dication -two oxo bridges would make the fragment neutral. Attempts were made to solve and refine the structure in P1 to try and resolve the issue of the disordered oxo group, but working in P1 led to a significantly poorer structure model. In addition, models with bridging hydroxides were attempted and also found to be unsatisfactory.
There are 783 structures in the CSD with Ir-Ir bonds, but when limited to those also bridged by oxygen, there are only 6 entries (Groom & Allen, 2014) . Two of the structures contained bridging hydroxide and methoxide (Fujita et al., 2000) with Ir-Ir distances of 2.953 (1) and 2.933 (4) Å respectively. An Ir-Ir bond bridged by a phenoxide ligand had an IrIr distance of 2.902 (4) Å (Lee et al., 2009 ). An Ir-Ir bond with a bridging oxide with no other bridging ligand displayed
an Ir-Ir bond of 2.6172 (4) Å (McGhee et al., 1988) and two iridium atoms bridged with both an oxide and a phenylimido ligand showed an Ir-Ir distance of 2.7220 (2) Å (Dobbs & Bergman, 1994 hydroxide.
Experimental
[Ir(COD)(PMe 3 ) 3 ][BF 4 ] (0.100 g) (Frazier & Merola, 1992) was dissolved in 10 ml of degassed, distilled H 2 O and heated to reflux while bubbling H 2 through the solution. At the end of 2 h reflux, the reaction mixture was a yellow, homogeneous solution. Removal of the solvent under reduced pressure yielded 0.062 g of a yellow powder with complicated NMR spectra indicating the presence of multiple products. Dissolving the yellow powder in water and allowing for the slow evaporation of the solution yielded a few crystals suitable for X-ray diffraction. Screening 3 of the dozen or so crytals all showed the same unit cell.
Refinement
Trimethylphosphine H atoms were placed at calculated positions and refined using a model in which the H atoms ride on the carbon atom to which it is attached with U iso (H) = 1.5U eq (C). The metal hydride hydrogen atoms were placed based on electron density from a difference map, the distance fixed to 1.55 Å and Uiso(H)=1.5Ueq(Ir) but the coordinates were allowed to refine. Hydrogen atoms on water were placed based on hydrogen-bonding vectors, U iso (H) = 1.5U eq (O) and the water was treated as a rigid group in refinement.
Figure 1
Thermal ellipsoid plot of the structure with ellipsoids drawn at the 50% probability level. Atoms are labeled with superscripts to indicate the symmetry operator that generated them. A The hydrogen-bonding between water and the tetrafluoroborate anion in the title compound. Ellipsoids are drawn at the 50% probability level and atoms are labeled with supercripts to indicate the symmetry operator that generated them. A Symmetry codes: (ii) −x+1, −y, −z+1; (iii) x+1, y, z−1.
µ-Oxido-bis[hydridotris(trimethylphosphane-κP)iridium(III)](Ir-Ir) bis(tetrafluoridoborate) dihydrate

